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628a Wednesday, March 9, 2011treated with n-3 PUFAs in vitro and in vivo. Unexpectedly, in vivo studies also
revealed n-3 PUFAs disrupted rafts by increasing their size. On a nanometer
scale, FRET imaging showed EPA and DHA increased the distance between
non-raft molecules of EL4 cells. The increase in distance between non-raft mol-
ecules was due to an increase in cell size, driven by EPA and DHA’s ability to
promote cellular proliferation. Finally, we used model membranes to determine
how EPA and DHA disrupted nonraft organization at a molecular level. NMR
spectroscopy and quantitative microscopy revealed EPA and DHA acyl chains
increased the nano- and micrometer size of non-raft domains by minimizing
molecular interactions with surrounding rafts. Taken together, the data suggest
a unifying model in which EPA and DHA target and disorder the organization
of not only rafts but also non-rafts, which could serve as key intermediates to
disrupt membrane architecture and cellular function.
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EPAandDHAInteractDifferentiallywithCholesterol: Solid State 2HNMR
of PUFA-Containing Phospholipids in Mixtures with Lipid raft Molecules
Justin A. Williams, Shawn E. Batten, M. Alan McCabe, William Stillwell,
Saame Raza Shaikh, Stephen R. Wassall.
A plethora of health benefits accompany dietary consumption ofu-3 polyunsat-
urated fatty acids (PUFA) eicosapentaenoic (EPA, 20:5) and docosahexaenoic
(DHA, 22:6) acids found in fish oils. An emerging view for one mechanism of
action is that u-3 PUFA incorporate into phospholipids of the plasma mem-
brane and, due to their aversion for cholesterol, affect lateral organization.
What is unclear is which component of fish oil drives the structural and con-
comitant functional changes. Here we test EPA vs. DHA in mixtures with
the lipid raft molecules egg sphingomyelin (SM) and cholesterol. Our approach
is to employ solid state 2H NMR to characterize the molecular organization
of EPA-containing 1-[2H31]palmitoyl-2- eicosapentaenoylphosphatidylcho-
line ([2H31]16:0-20:5PC) and DHA-containing 1-[
2H31]palmitoyl-2-docosa-
hexaenoylphosphatidylcholine ([2H31]16:0-22:6PC), and of oleic acid (OA,
18:1)-containing 1-[2H31]palmitoyl-2-oleoylphosphatidylcholine ([
2H31]16:0-
18:1PC) as a control. Spectra for mixtures with SM and cholesterol (1:1:1
mol) support our model according to which poor affinity of PUFA for the sterol
promotes the formation of highly disordered PUFA-rich/cholesterol-poor (non-
raft) domains on the nanoscale. The novelty of the results lies in the enhanced
effect seen for EPA relative to DHA. Less interaction with cholesterol is indi-
cated by the smaller increase in sterol-induced order measured for [2H31]16:0-
20:5PC compared to ([2H31]16:0-22:6PC, and a larger domain size is implied
with EPA than DHA. We speculate that these preliminary observations at the
molecular level may reflect a more influential role for EPA.
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Role of Phospholipid Head Groups in Silver Nanoparticles Interaction
with Membranes
Ramakrishnan Parthasarathi, S. Gnanakaran.
In order to understand the biocompatibility and cell affinity of metal nanopar-
ticles for biosensing and drug delivering applications and also for nanotoxicity
aspects, we investigate the different charged state phospholipid head groups in-
teracting with silver (Ag) nanoclusters. Binding interactions of Ag, which serve
as simple catalytic models of Ag nanoparticles with phospholipids, was studied
using density functional theory (DFT). Geometries of neutral, anionic, and cat-
ionic phopholipid head groups with silver nanoparticle were optimized using
the DFT-B3LYP approach with combined basis sets. The combined basis set
used here for phospholipid and silver clusters was represented by 6-311þþG
(d,p) and LANL2DZ, respectively. This work demonstrates that the interaction
of silver clusters with phospholipid head group is governed by two major bond-
ing factors: (a) the anchoring phosphotidyl OAg, and (b) the nonconventional
NH$$$Ag and CH$$$Ag hydrogen bonds. Role of different charge state
within the membrane lipids and metal affinity on their interaction with Ag nan-
poarticle is very crucial and will be discussed here in detail. DFT based global
and local chemical reactivity descriptor analysis and natural bond orbital anal-
ysis was performed to calculate reactivity, charge transfer, and Wiberg bond
indices of the nano-bio complexes. Bader’s ‘‘atoms in molecules’’ theory is
used to determine the nature of interactions that exhibit both electrostatic
and covalent characters.
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Application of Neutron Diffraction for Localization of Specifically Deuter-
ated Penetration Enhancers in Oriented Stratum Corneum Model
Membranes
Tanja Engelbrecht, Thomas Hauss, Bodo Dobner, Reinhard N. Neubert.
The unique lamellar lipid matrix of the stratum corneum (SC) is known to play
a key role in forming the main protecting barrier of the mammalian skin. This
barrier function can be influenced e.g. by application of penetration enhancers.
To learn more about their mode of action, the present study aimed at the char-acterization of the influence of lipophilic penetration enhancers like oleic acid
(OA) on the bilayer structure of highly oriented SC model membranes. For ex-
act localization of the enhancer molecules inside the bilayers of the studied qua-
ternary SC models, we applied specifically deuterated penetration enhancers
(e.g. OA-9,10-D2 and isopropyl myristate-14,14,14,13,13-D5) to the samples
which were investigated by means of
neutron diffraction. Benefitting from the
advantages offered by the neutron diffrac-
tion technique, we could evaluate the exact
position of the deuterium labels inside the
membrane. Furthermore, hydration proper-
ties of the membrane could be studied and
the bilayer architecture was elucidated by
calculating the neutron scattering length
density (neutron SLD) profiles using
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The Effects of Sustained Hydrostatic Pressure on Human Bladder Smooth
Muscle Cells Grown on Polymer Scaffolds
Hana Hanaee Ahvaz, Hamid Mobasheri, Mohamad Soleimani.
Monitoring the effect of different stationary and dynamic hydrostatic forces
regimen imposed on bladder cells has achieved great consideration in bladder
tissue engineering. In this study the effect of sustained hydrostatic pressure
10 cm water on smooth muscle cells grown on electo-spinned PLA-PLGA
(60/40) polymer scaffold was studied. Gene expression changes were moni-
tored for 3, 5, and 7 days. According to our quantitative PCR results the expres-
sion of Collagen Type I and III and IV as well as alpha actin smooth muscle,
actin, elastin, calponin and caldesmon increased by day 5 and then decreased.
Based on ELIZA results, at day 5 expression of both differentiation marker
(desmin) and dedifferentiation marker (alpha actin smooth muscle) was in-
creased. Collagen type I was up regulated but type III down regulated.
Although mechanical stimulation has important effect on bladder function,
pathologic condition such as outlet obstruction, disturbs both pattern of pheno-
typic markers and collagen type III to I ratio.
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Pulmonary Surfactant Membranes of Hibernating Ground Squirrels
Possess Increased Fluidity but are Capable of Maintaining an Ordered
Membrane Structure at Low Temperatures
Lakshmi N.M. Suri, Lynda McCaig, Victoria Picardi, Ruud Veldhuizen,
James Staples, Fred Possmayer, Jesus Perez-Gil, Sandra Orgeig.
Pulmonary surfactant, a mixture of lipids and proteins, regulates the surface
tension at the air-liquid interface of the lung. Reduced body temperature during
hibernation is accompanied in 13-lined ground squirrels (Ictidomys tridecemli-
neatus) by an increase in fluid monounsaturated phosphatidylcholine (PC) spe-
cies (e.g. PC 16:0/16:1, PC 16:0/18:1) and phosphatidylglycerol (PG) species
(e.g. PG 16:0/18:1, PG 18:0/18:2), but fewer disaturated PC and PG species.
Previously we speculated that altered surfactant lipid composition during met-
abolic depression states such as torpor or hibernation will reduce the phase tran-
sition temperature (Tm) of the mixture, enabling pulmonary surfactant to
remain fluid over a broader range of temperatures and thereby maintaining re-
spiratory function. Here we analyze thermodynamic properties and behavior of
surfactant from hibernating and summer-active 13-lined ground squirrels in re-
lation to natural porcine surfactant, using differential scanning calorimetry and
LAURDAN fluorescence spectroscopy. In addition we conducted epifluores-
cence studies to visualize changes in phase coexistence of surfactant films of
hibernating and summer-active animals. Surfactant membranes of hibernators
showed gel-to-fluid transitions at lower Tm with reduced enthalpy relative to
membranes from summer-active squirrels. Both exhibited lower enthalpy
than porcine surfactant. LAURDAN fluorescence and epifluoresence suggested
possible structural re-arrangements of surfactant membrane lipids and films, re-
spectively, in hibernators. These exhibited a similarly dehydrated and con-
densed highly packed ordered phase as for summer active squirrels, despite
differences in composition and Tm. In conclusion, pulmonary surfactant com-
position changes in hibernating squirrels to increase overall fluidity, but to
maintain an ordered membrane structure at low temperature.
